AD-A008  386 


DESIGN  NOTES  FOR  THE  OYNASORB  ENERGY  ABSORBER 

Bruce  Mitchell 

Lockheed-Callfornia  Company 
Burbank,  California 

18  December  1963 


Nitional  Ttcliniail  InformitiM  S«fvic« 
U.  S.  DEPARTMENT  OF  COMMERCE 


4 4rkOAO  >>0<SKHBRD  • CALIFORNIA  COMPANY 
1 |^U04  A DIVISION  or  LOCKHCeo  AIRCRAFT  CORPORATION 


REPORT  NO.  A£r3I22i 

DATF  PeceKbgr  18>  1^5 


MODEL. 


.OaBcrRl.. 


TITLE 


COPY  NO.. 


DESIOH  KOESS  FOR  XnS 
DTKASCRB  KKOiOT  ABSORBER 


REFERENCE 


CONTRAa  NUMBER(S) . 


/D  D ‘C 

rn\E®Em-[?r^ 


-mrxsims 


liliElSEn 


PREPARED 

Brucff  Ki"';chell 

AITROVSD  BY 


J>^^^vyua,  <^oup  hT:.slne«r 

APPROVED  

Dejuri;3«mt"liai«3er 


EnplneorinB  Only  .APPROVED  ry  . 

H.  Foster^  DlNj^lon 

Outside  Agencies*  APPROVED  BY  X/.  ramXl!)^ 

B . y . 0 ' Lnui^in  y 
CMcf  Laboratory  laigineer 


* Specific  Approval  Renuired 

Tilt 

• I I • liijim  I j I i.imniiii  II  II -i  • - -ii 'nm~rri""l"  llliiiiiiiii  ii. 


jiim  • • II  i"-T — TT"~  I) 


MRMtMMNMaiiAMHMdUaMalMeiMaMRiaMMhMiaMliM 


R5VJ5^!P^S 


HiV.KO 

! DAT!-: 

;ic:v.Vi\ 

PA7»ES  AFFtCTEO 

nr.MAiius 

s. 

Itoproducod  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

US  OoptrtmoNf  ol  ComiTiDreD 

Sprffi«ri«l<),  VA.  221SI  V, ^ ■ 


roMt  «ot-t 


' f 


>-V*> 


• ^ 


LOCKHEED  •>  CALIFORNIA  C O M R A N Y 

A DIVISION  or  LOCKHCtC  AiRCnAFT  COAFONATION 

REVISIONS  AtAOAT  I72OX 


ABSTRACT 

The  Oyaeaorb  Baergr  Ubit^  developed  la  the 
Lonkheit  -tegtoeertag  Utbomtaryt  Is  adq>table  to 
maoy  ^ipllcstloaa  as  * chock  absorber  or  load 
Uffllter.  Design  procedures  based  on  previously 
reijortcd  date  are  described,  emd  several  typical 
Installatloos  are  Illustrated. , 

Tma  report  la  eubaltted  In  fuiriUnent  Of 
the  reporting  requirements  of  a 1965  IndMaendeat 
Development  Project,  "Goergy  Absorption  Products." 
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Although  ths  DyoasQirb  Ibit  can  be 
w^epted  to  almost  evtry  need  for  ooe  shot 
eoergy  absorption. It  requires  considerable 
detailed  design.  Desl^  prceedures  sod 
llnltatloQS  are  discussed.  Several 
lUustratlcns  of  typical  lostellstloos  are 
ehovn.  This  xBilt  can  be  used  aa  a cxdtl» 
purpose  load  Hnltcari  as  a one  shot  lend* 
leg  device^  or  for  crash  safety  applications . 
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DESICM  PR0CT!D~JRS3  FOR  TTO  DYUASOnB  E?CTOT  ABSORTSt 
PfgWDtCTIOH 

Tbe  efflcleot  Dynasorb  mttbod  o?  abaorblae  «aargy  cac>  b«  used  for 
ooe-sbot  ludlog  devlcea,  for  crash  safety,  and  for  load  llialtlag. 

This  prioeiple.  In  esaeoce,  coaaleta  of  c ,-nsia^ag  a tube  .‘"roa  ooe  end, 
aivT  thereby  malatalolns  the  tubeb  original,  strength  as  a eolum.  The 
load  level  can  be  pre-set  at  a Io-iF  strese  that  peralts  long  col’sm 
cocdltloos  or  It  can  be  pre-set  to  work  the  tube  near  Its  yield 
strength*  The  latter  method  Is  aore  efficient  frrr*  r-  otrcigth 
to  weight  otcodpoint  but  the  length  r-.ist  be  in  the  short  colinn  range* 

The  tube  Is  consumed  cy  splitting  rrom  one  end  to  fom  ribbons 
which  then,  as  a natiu'al  process,  roll  up  Into  cccipaot  collo*  oe- 
cauae  these  splits  progress  only  os  fast  ns  tU?  tube  is  pushed  through 
the  control  rings  the  tube  maintains  or  l^Tproves  its  colvtan  strengtn* 

The  Initial  development  and  tests  on  scverol  hundred  tubes  are 
described  in  Refcrencee  1,  3 and  4.  This  report  reviews  th~‘  data 
from  this  referenced  material  end  describes  basic  design  procedures 
an-*  llnitatioas. 

a 

CF  JRIPTIOa 

A typical  tube  end  with  Inner  and  outer  rtnre  Is  shown  In  Figure  1. 

The  tube  is  ioitlally  slit  a short  distance  to  assure  that  the  split- 
ting and  ribbon  fomatlos  will  develop  in  a \inlfom  pattern*  The 
Inner  ring  serves  as  a guide,  cuepander,  splitter  and  ribbon  curler* 

The  outer  ring  regulates  the  tube  load  by  the  CDount  of  "squaese*'  It 
puts  on  the  tube.  Therefore,  to  Identify  the  rings  with  their  respective 
functions,  the  outer  ring  Is  called  the  "control"  ring  and  the  inner 
zdng  la  called  the  "splitter"  ring. 
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A t^lcal  tub«  vlth  rolled  rlbbooa  la  aho«m  in  Flgis’e  2>  This 
tube  la  ahouTt  after  test  sol  represents  tbs  basic  l^waorb  unit  without 
the  necessary  end  flttla^a  for  use  In  a lamUng  davtee*  There  ore 
many  variations  for  end  fittings  that  will  depend  \g>on  each  particular 
application.  It  la  sppareot  that  little  or  no  end  fitting  detail  would 
bT  required  for  "guided  cusb**  applications. 

The  tube  is  deolgned  In  the  convent  tonal  manner  to  take  the  marftmaa 
expected  load.  The  optimuic  thiclcseas,  diameter  and  material  are 
choaen  to  match  the  required,  load  and  travel  leogtb.  This  tube  la 
considered  a plu-etsled  coluan  la  most  cases.  The  opUttlng  end  cost 
slvnys  be  treeted  as  pln>eoled.  Tbs  other  end  may  hove  moment  carry> 

Ing  capability  bxillt  Into  it  If  this  Is  warranted  by  the  particular 
design  application. 

In  any  deeioi  the  total  kinetic  energy  to  be  absorbed  Is  imowu  or 
assvxned  In  advance,  and  the  dissipation  of  this  energy  can  be  achieved 
only  by  the  decelcratlag  force  Integractod  over  the  travel  distance. 

If  one  or  the  other  of  these  two  foctors  Is  altered,  the  other  mut  be 
adjusted  to  m<>et  the  egulllbrlvan  requlreocats  of  a given  energy  Input. 

It  la  obvious,  therefore,  that  the  mloJavm  travel  distance  will  be 
required  when  the  maxlmuo  oUowsblo  load  Is  maintained  at  a constant 
level  througho'it  the  cutlre  energy  stroke.  The  actual  tmergy  absorption 
curve  will  not  be  an  exac''  rectangle  allowance  must  be  made  for 
some  load  variation.  Furthemore,  100^  offlolency  may  not  bo  desirable 
in  all  cases,  since  thin  necessaally  Implies  that  a "Jerk'*  will  ooour 
at  the  beginning  sad  at  the  cud  of  the  stroke. 

The  cumber  of  initial  allts  cut  In  tbe  tube  la  rot  critical.  It 
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nuRt  be  et  i.eeat  4 need  aot  exceed  l6.  Tba  tube  dimeter  will 
hxve  acm  bearing  on  the  nvaber  of  allta.  b and  l£  elltp  wcrkel  equally 
well  in  2 incb  dimeter  tubea  anl  l6  allta  were  quite  eatlafactory  In 
a 10  inch  dlamter  tube. 

‘TRu.  lotal  energy  ebcorbed  la  aade  up  of  three  parts,  the  energy 
required  to  split  the  tube,  the  energy  required  to  cwipress  nnd  bend 
the  rlbbona,  and  tbs  energy  required  to  overcome  the  friction  of  the 
rlnga  on  the  tube  and  rlbbona*  There  la  no  slnple  acthod  of  separating 
thaaa  three  energy  fonu  beeauae  the  increased  force  cauaed  by  tighter 
rlaga  liv  rr aasa  both  degree  of  aaterlal  deformation  and  the  friction. 

Tbw  alaqiieat  ari  angen.eril  for  low  energy  abaorptlon  la  tUe  tube 
aod  epUt'  r with  no  eontrod.  ring.  In  this  case  the  splitter  sbovm 
In  Figure  3 la  uaed.  Thle  splitter  has  a straight  guide  portion  and 
a c'vaicad  baae.  The  base  angle  la  uaually  4$°  but  nay  be  anything  fra 
15®  to  75®.  The  alope  of  the  baae  affecte  the  dimeter  of  the  ribbon 
coUa  mvt  t orougb  then  the  aeount  of  Ijtco  on  the  tube. 

The  mori  eophlstlcatcd  ring  shown  la  Figure  4 is  uaually  uaed  with 
a cootrol  ring.  It  consists  of  an  upper  guide  pcrtlon  that  slips 
Into  the  tube,  blending  Into  a oloplng  cone  which  serves  to  expand  the 
tube  aod  control  ring  so  they  will  pass  over  the  larger  dimeter  of 
the  splitter;  the  straight  awslled  portion  reacts  the  squseilng  force 
cf  the  control  ilag,  sol  flaaUy,  the  base  cove  provldcf  a sisooth 
bearing  surface  fca:  the  ribbon  colla.  This  ring  la  a definite  st-uct- 
uial  member  vhlcb  must  be  designed  in  Bccordance  with  the  mAxlmsB 
expected  load  In  the  tube.  It  sdso  meat  Incorporate  a fitting  attach- 
ment for  a particular  structure  or  landing  foot. 
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Tlu  control  ring  can  be  a ulnple  taod  for  low  ener^  use  bs  etiown 
in  (n)  of  Figure  S*  This  ring  does  not  perfora  quits  as  veil  as 
type  (b)  and  la  oaed  only  where  coat  la  of  najor  l<>ortance.  Type  (b) 
has  a botton  radius  desired  to  Batch  tha  currature  of  the  ribbon  coll. 
In  thla  case  the  objective  la  to  provide  a L'earln;  aurface  as  lartje  ao 
possible  to  nlnloilze  the  outward  fame  exerted  on  the  botton  of  the 
ring  by  tha  moving  riLbcna.  The  ecntrol  ring  la  stretched  past  Its 
yield  point  by  the  splitter  ring*  This  yielding  aatahUehes  a known 
aqueete  force  ttu.t  can  be  used  as  desl(^  data.  It  also  allova  for 
reasonable  llolta  on  nianufacturlng  toleraccea  of  the  rings  and  tubs 
without  appreciably  cha.  J ug  this  squeeze  force.  The  lioitlng  farce 
la  a direct  function  of  the  cross  sectional  area  ani  yield  strength  of 
the  ring. 

The  functional  role  of  the  control  ring  la  to  reatraln  the  tube  Juat 
enough  to  hold  the  load  at  a constant  level.  There  nay  be  other  ways 
of  doing  thli>  and  at.m  roll  up  the  ribbons.  Many  different  nSTTOsehsa 
were  tried  during  the  dsvelcpment  of  the  Dynasorb  principle  cut  the 
SBKMth  ring  with  the  large  radius  proved  to  be  the  best  and  elis>leat  - 
configuration.  Fuirtber  research  night  achieve  control  witnout  the  need 
of  such  a strong  g>  ipplng  force.  However^  the  present  control  ring 
has  proved  very  natlsfactoiy,  and  the  design  procedures  that  frllov 
sre  be-ssd  on  thla  concept. 

TUa  PS3ICH 

Although  design  and  ohoice  of  the  energy  tube  follows  ccnventiocal 
practice  there  we  a few  cnaracterlstico  that  apply  directly  to  this 
uss.  Standard  tubas  <aay  not  be  available  In  the  size  and  oatarlsl 
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daalreA.  A tuba  nada  from  s>ieat  aaterlfil  oaa  ycrfoxa  m wall  w a 
ataadard  tuba  If  the  weld  bead  la  aachload  or  grtread  fluwh  with  the 
aurfaoa  of  the  parrot  Mtal. 

n>e  critical  local  buclO^A?.  or  coltawi  atrangth  cf  the  tube  defines 
the  xqiper  load  Holt  ig)  to  the  tube  yield  atrengta>  This  optiiaut  tube 
Is  dt  fined  by  equatloos  10^  11,  12  anl  13  of  Raf.  1.  These  equations 
are  repeated  belowt 

i^o  : j^KPE^tr^  (1) 


EquatloD  {k)  la  used  ooly  when  F(.  of  equation  (l)  reaches  foyf  and 
equation  (1)  Is  United  to  values  belw  ?^y.  Equation  (2)  Is  valid 
only  for  the  radius  when  ^cy  nn^wiss  radius 

for  colunn  stsbllity.  Equations  1,  2 and  3 ere  plotted  la  Flsuras  6, 

7 sod  8 for  easy  vleuallzatlon  of  the  Halts. 

The  upper  and  lower  otres-.  levs^ls  of  the  dlfforent  aaterlsla  are 
shown  In  Table  1,  page  2a  . This  Table  la  taken  frca  Ref.  3 and  Is 
based  upon  the  testa  daacrlbad  In  that  re?ort.  Oonawhat  lover  stress 
levels  can  be  used  If  no  eontrol  ring  Is  used  and  If  the  elope  of  the 
bass  Is  very  steep.  Further  r<ailuotlou  could  be  sohteved  by  deep  scoring 
of  tba  tube  to  out  the  splitting  reslsteaee  to  n artatitn. 


g?  for  definition  of  s' 
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nira«  of  thRM  BStttrlRls  oc«d  to  bo  scorod  la  sU  craoo  to  Inaura  strslGbt 


■pUttlav 


TKJUcrv  rlbboQ  wldtba*  Aose  tbroo  aatorlols  crc  coji^per. 


■agDeslTV  Bsl  tltanlia*  Tbo  aoypor  tuboo  split  stralebt  without  ocorlsg 
hut  the  splits  tool  to  stop  sod  tho  rlbbaos.bocvss  too  viuo.  Tbo  oagBesiva 
tubes  split  stroistit  with  • sl£-M3  od^  oo  Iho  ribbon  but  tbe  rll^>oos  bred 


T9  If  tbo  rodius  of  cunroturo  of  tbo  rlbboos  Is  nail. 


ocorod  tube  splll-s 


stx sight  with  s sasll  oosUopod  odgo  on  tbo  ilbboas  sud  s nsU  bead  rsUus. 
Tltooin  splits  in  an  Irrogulnr  shsUow  splrsl.  Xt  oust  be  scored  *cc  good 
rosults.  In  sU  tfareo  nstorlsls  tbo  seared  lints  should  Imvo  s depth  cf 
na  into  tbs  ends  of  tbe  stsrtlag  splits,  md  extend  tbe  full  length  of 
•rmllAMe  tr«vel. 

CcRiporative  effieleoclet  of  the  dlfferctit  Mterlals  ere  useful  la  n 
seorcb  ror  too  iiGUtest  weight.  Of  courne  tberc  ore  unny  other  tblnsR  to 
o scolder  so  tbe  choice  ceonot  rest  solely  oq  weight  olcae.  Vos  ccBpsrlnco  Is 
best  shown  ss  a '-utlo  with  ngoosicn  loaded  to  Its  yield  stress  token  oo  unity. 


Tube  Volgbt, 


Slk  1 for  unit  length 


tPALrCir|£. 

*0  *c 


substituting  for  frcn'Eijuatlan  X. 


or  £2  when  Ke  : 


''x  » X V *^Mg  J 

or  >«s»  ; (x) 

Vs  ^ey  (uog) 
fras  Squstloo  (ti)  tbo  o^lclnscy  rotlos  or«t 
KaCToslia  : 1.00 

Aluslnm  ; .^3 
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PFui<;inN^ 

RisoaT  HO  ^7501 

fACf  ao  6 1 

Tltanlus 

- 

.71*»  VO  .652 

Steel 

s 

.615 

Bress 

- 

.hlU 

Copper 

1 

- 

.3fiC 

Fi-oa  Equation  6 the  efficiency 

latloa  will  all  be  1 when  fe(x) 

Kagneslun 

s 

Pgy  • 31000  psl 

AlVBlDUB 

= 

1.56  Fcy(M,^.)  : »*850O  psl 

TltaaliB 

r 

(2.5  to  2.73)Fcy{Mag.)  = 77500  to  8^*500  psl  j 

Steel 

= 

‘*•'*3  Fcy(Kag.)  = 1-37000  psl  j 

1 Brass 

- 

V.60  FcjqMag.)  = psl 

1 

Copper 

z 

^.97  fcy(Mse.)  : 1-5^*000  P»1 

Al'w&luua  in  cure  extlcicQ^  tnaa  an^epluo  for  stroBB  levels  «bcve  '*8,^00. 
Tltaalm  le  more  efficleot  above  77>fOO  pot.  Bad  •♦•el  ab^-e  137*000  pBi. 

Tbe  beading  etlffceas  of  the  rlbbocjs  la  a nejor  factor  la  tha 
steady  load  level  of  the  tube.  This  stlffaekS  caa  be  chaagaa  by  elau)g:lng 
the  initial  coll  dlaaeter,  vblcb  la  turn  coo  be  acconpllabed  by  chwnglne 
tba  slope  of  the  splitter  base  or  the  oove  mdlua  oo  the  splitter  base. 

Soiae  of  the  teats  described  la  Ref.  3 vere  rw>  without  control 
nags  aod  with  different  elopes  of  the  eylltter  bases.  The  radius  of 
curvature  of  the  ribbons  were  noted  as  veil  as  the  awna  axlad.  atrase. 

This  data  h<^a  been  plotted  la  Figure  9 of  thlB  report.  Vhere  R is  tbo 
coll  rsKllus  to  tba  center  of  tbs  ribbon  thlckasss,  t la  the  tube  thlch' 
nese,  end  F^  Is  the  naan  coivf«*>lve  streso  la  tbs  tube  required  to 
split  and  roll  \ip  the  tube  without  a control  rlag.  Of  tbs  11  naterledc 
shown*  5 bad  points  out  of  lias.  The  others  fit  the  3 or  ^ points  vpilte 
wall.  Xn  every  ease  but  one  the  thlokneos  was  the  aaoe  for  every  test 
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point  In  each  B«r,erlal.  7ba  one  exception  trea  101$  eteel  vbere  one 
point  ves  obtc.oia&  froa  e test  of  a tuba  vltb  e 10  Inch  outside  dleneter 
and  e veil  tblcknesa  of  .£$  Inches.  The  other  3 points  oans  fron  2 loch 
.0^  inch  tubes. 

The  general  e^uetlon  for  theae  currea  1st 


r X R _ /• 


(7) 


where  C Is  different  for  each  neterlal. 

Since  these  ciovea,  es  abown,  ai-a  based  on  a eery  Ualtsd  nvober 
of  test  points,  accurate  daflnltloc  of  the  curves  requires  ^dltlonal  test 
data.  However,  the  curves  Indicate  the  relative  level  of  wtrass  developed 


splitting  rasletance  so  the  high  R region  shcrjld  rt  V it  ivare  splitting 

t 

stress  thsn  bending.  Also  a radius  of  t vtatld  be  the  abscluta 


bacauso  the  radius  reaches  half  vsgr  through  the  thickness.  A practical 
Unit  would  we  no^e  like  31*  A saaU.  radius  of  curvature  cn  ooljr  be 
aehltrved  with  the  atd  of  a control  ring  to  force  the  ribbons  to  natch 
the  cove  radius  of  the  splitter. 


A kso  w vAi* < enu vo  Aur 


vAAdxcxesw  wverM^a  ow^e  oe<m  omtouLAxm  caa 
the  eqostlaos  for  the  curves  of  figure  9 ara  given  beXovi 


202V-T3  AlualavM  Alloy 

Fo  : 

Hf'” 

(9> 

Brass 

Fc  : 

(9) 

Copper 

Tc  =1 

(10) 

A1-31B  Kagaeslvn 

fc  = 1 

^6000 

(11) 
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1013  steel 

Tc  :jb  (10)6  1 1*590 

(12) 

Stnlaleea  Steel 

Kg  Z ^.62  (I0)^j*3®2 

(13) 

L130  Steel  B.T.  120,000 

pel 

Fa  :jz.04  (lO)l-O 

(1>») 

bl30  Steel  H.T. 
l£0,00C'  pal 

Fg  :(h.l6  (10)®  t1  *5®3 

(15) 

1 «y 

Tltanliai  (unalloyed) 

Tc  :j7.9‘»  (10)®  0 

(16) 

6 Ah  UV  TltaniuB  Alloy 

Fc  : h.03  (10)9  tV^ 

(17) 

trgiPH  oy  sPLin?::R  Riso 

The  cplitter  rlae  »rlll  Incorporete  e rittliia  oaeded  Ter  attactiteat 
to  the  foot,  nyJA  or  atructure.  Only  thet  portlca  ueedod  to  fulfill 
the  requlreoente  for  Dynaecrb  vlTl  be  conelderod  here*  Thle  ring  will 
Doraelly  he  Bade  of  bard  ateel  but  can  be  nuade  of  other  metei'lele 
u veil* 

The  guide  p<>rtloo  auat  either  be  loog  enough  to  auetala  a Ialx^eQt 

or  he  rounded  eufficleotly  that  It  vUl  not  gouge  the  aide  of  the  tube. 

See  Flgurea  3 and  k.  The  l*tter  ewe  vlU  he  bent  If  the  vhol’e  ring 

COB  he  held  In  posltluo,  otheivlae  Ita  height  should  be  about  l/4  the 

tube  dlaneter.  The  roxnded  top  and  abort  guide  cen  only  be  used  on 

ehert  coliamu.  If  the  guide  le  not  aubjected  to  bending  it  will  cx« 

perlenco  no  load  and  oao  be  very  thin.  Good  practice  suggeots  a thlckneaa 

eq[UBl  to  or  greater  tbaa  the  tube  thlolmeae. 

The  nT"*****  com  ngle  ehcAild  be  nst  leore  then  four  dtRreee 

eo  tho  frlotlon  cooffiolent  betveea  the  coctroi  ring  end  tube  wlU  he 

greater  then  the  elope  of  the  exyeoder  oooe*  Sxpaaelon 
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•hould  b«  Roov'gb  to  poaltlvRljr  yield  tfao  oootrol  ring*  TMs  meaiu 
it  suet  exceed  eleetla  defleetleo  by  at  least  A oooserratlve 
approaob  bssums  tbs  elaatis  Aafleetloo  of  tbe  splitter  rlag  as  equal 
to  the  elastli  deflectloa  of  tbs  eoDtrol  rlag.  Ibe  ololaia  dleaetsr 
of  tbs  Bwsllod  portloa  of  tbe  splitter  1st 

Db  - D-?t  4 2D  ^cy  -t-.OSP  - D (l.0£  + 2jcy)  -2t  (lO) 

V ■ “ E 

The  tbickasss  of  this  portloo  of  tbs  splitter  ring  oust  be  such 
that  it  vUl  not  yield  or  buckle  under  tbs  equeetlag  action  of  tbs 
control  ring  e^  tube.  Tbe  hoop  tension  stress  in  tbe  control  ring 
Is  equal  to  its  ylel  stress.  Llkcvlse  the  tube  vill  have  a hoop  streas 
equal  to  Its  yield  ctreogth  over  a cbort  leagtn.  This  last  stat^.ent 
is  subject  to  socaa  doubt  because  tbe  sods  of  tbs  splits  extend 
ellnbtly  under  tbs  control  ring  so  the  effective  leugth  of  tube  being 
■tretebed  to  yield  Is  uncertain.  However,  an  exact  value  Is  not  needed 
as  long  as  It  Is  near  tba  oerraot  one.  Tbe  desli^  ooepresslve  radial 
foroe  acting  ca  tbs  oplltter  ring  Is  tbe  sut>  of  these  two  forces. 


Pc  = 

D«  + 2t 


Ps  : Pc  + Pt  : 2 I 


Ft  = 2Pyt  tap 


2% 


t tap) 

/ 


Toe  direct  coopresslve  stress  In  tbs  splitter  ring  will  be 

f,  : ^s  (Pr  - (20) 

2 ts  He 

This  stress  surt  be  less  tbsa  tbs  b'xlrUng  or  yield  ctrsngtb  cf  tba 
splitter  ring.  Tbs  depth  of  this  portloa  of  tbe  r^iUtter  ring  should  be 


■•vV'-:-. 
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greater  tboe  the  eootrol  ring.  I 

TkM  cove  feels  the  full  ccsQiressive  load  eppU^  to  the  tube 
plus  the  outvorA  force  proaueeA  by  the  frictloo  restrelat  oo  the  novlQg 
rlbboos.  The  redlus  eiatches  the  desired  radius  of  the  rlbbocu. 

If  the  desired  or  allowatle  cceg>recslve  stress  fg  is  koowo  the  re> 
quired  thickness  con  be  calculated.  Froa  EqueiloQ  20, 

t : — PA-  (21) 

pTTal^r  ^ * 

The  bees  thickness  vlU  depend  ig>oo  hoe  it  is  attached  to  the 
structure  or  foot. 

D?SIC»<  OT  COUTROL  RITO 

The  control  rlnc  restrains  the  passage  of  the  tube  between  the  . 
rings.  This  is  s^earplishod  by  on  interforeoce  fit  between  the  tube 
and  ring.  Because  the  problen  of  controlling  tolerances  is  teo costly 
for  practical  use  this  interference  is  obtained  by  swelling  the  tube  into 
the  ring  by  neons  of  the  splitter  ring.  The  control  ring  la  uaunlly 
designed  to  be  stretched  post  its  yield  stress  as  a aeons  ot  neasurlng 
the  nagnltude  of  the  restroiaibg  force  it  exerts  oo  the  tube.  If  it 
is  node  of  0 material  with  e sharp  knee  la  tbs  stress  straia  curve  at 
yield  tho  stress  level  will  reoato  constant  for  s stretch  of  several  per- 
centage points. 

In  operation  the  tube  is  pushed  betw^eD  the  control  ring  nod  splitter 
ring  forsdng  curved  ribbons  as  it  is  extruded.  These  ribbons  exert  on  outward  | 
pull  on  the  bottoa  of  the  ring  that  tends  to  rotate  the  top  inward.  This 
tetsleney  is  greatest  before  the  ring  stsu-ts  to  nerve  because  static  friction  is  a 
little  higher  than  eiovlng  frictloo.  These  rings  ore  designed  to  Binlsdse 
this  static  rotational  condition.  A radius  at  the  botttss  that  Batches 
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the  coll  radlua  will  tMp  tha  b«Rrlne  RtreRS  at  r olnlava  >r0  tharaby 

reduea  the  outward  pull.  Or«atar  depth  of  tha  ring  will  cut  the  nagnl* 

tiAc  of  the  inward  force  at  the  top.  It  the  ring  le  too  aballow  it  will 

chatter.  If  It  la  too  dec^  it  aay  have  to  be  very  thin.  Depth  also  adda 

to  the  height  of  tha  split  ter  rliig  and  increaaea  tha  total  weight. 

The  required  coatrol  ring  erea  is  detaradned  by  the  eoovnt  of 
reatrmlnt  needed  to  airport  the  design  axial  load  lo  the  tube.  A review 
of  the  total  restraint  Is  needed  to  arrive  at  a reaeonabla  approach  to 
the  calculation  of  the  control  ring  area. 

TtM  total  energy  lo  aade  xq>  of  ribbon  bending,  tube  expanAloo  and 
spUttic^  and  frlctlou.  loe  splitting  end  bending  esn  be  cce:blned  In  a 
single  constant  for  each  oaterial.  The  remaining  energy  ^s  directly  related 
to  friction  and  the  preasure  exerted  by  the  control  ring.  There  la 
friction  between  the  Inside  of  the  tube  and  the  splitter  ring  aa  wall 
aa  friction  between  the  outside  of  tha  tuba  and  the  control  ring. 

Tba  energy  absorbed  la  bending  la  directly  related  to  the  radtue  of 
curvattire  o',  the  ribbons  and  the  tbldmeae  of  the  tube  ao  the  conetant 
nentloned  above  can  only  fit  ooe  set  of  cuodltloos. 

Tha  control  ring  la  deslgued  to  force  the  ribbon  radlue  to  natch  ' 
the  cove  radlua  o the  splitter  ring  end  to  raise  the  total  load  level 
to  aeet  the  design  coodltloo.  Tba  total  load  can  be  divldod  Into  tvo 
parte,  one  pairt  le  the  reslatacce  to  bending  and  spllttlag  and  the  other 
part  la  the  rcaul*^  of  friction.  In  theory  the  first  part  can  be  calculated 
froa  equations  8 through  17  or  froo  Pl^e  9*  Actually  It  la  only  valid 
In  the  region  where  R/t  natches  the  test  polnto  sbo/n  In  the  figure. 


The  second  part  can  be  calculated  If  the  coefficient  of  friction  is 
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kDOwn.  Dm  lo«l  cip«billty  of  tb»  uomro  abtorbcr  la  ^vMttloo  1b j 


P 2 Kt  A-»-4rf  Ao  *‘yo  ^22) 

ThlB  Bllowa  two  surf  MBS  of  th*  tub«  BubJ«et«d  to  frlotioa  aoA  MB'jnas 
tho  BMI9  eoBffloleot  for  bothi  !■  the  oxlol  tub*  *tr*B*  ocxs«d  by  tbo 
r*Blci*tace  to  ribb^  beodlo^  *od  npUttlns*  "A*  is  the  tub*  *r**^  f 1* 
the  oc«fficl«nt  of  friction,  1*  th*  oros*  soctloael  are*  of  ar>A  side 
of  th*  control  rln^  *ad  Fyg  1*  th*  taoslle  yield  etreo^th  of  tb*  ocutrol 
ring*  and  f ere  siv«o  in  Table  1 *al  ere  b**«d  cn  the  teat*  of 
iieferenc*  3*  As'thsr  teste  nay  ehaQj;e  these  value** 

Proa  Equation  (22) 


DEStfH  DI'rUSSIOH 


The  design  of  e conplete  energy  ebaorptloa  syctea  can  bcooa*  quite 
o^nplen*  Tho  energy  tube  Ic  only  e saell  part  of  the  total  veigbt* 

Light  velght  can  only  be  achieved  by  careful  attantloo  to  dataila*  The 
eaer^  tube  is  a oonpressioa  oesber  ead  must  be  dealgnsd  to  reoeire  only 


axial  lotds  for  greatest  efriciency*  This  rwaas  at  least  two  other 
nenbers  are  oeeded  to  carry  the  other  load  oosipoQents*  Za  acne  eases 


the  "‘lergy  tube  aay  be  fixed  at  one  end  with  no  supporting  aenbera.  In 
tblw  ca*9  the  energy  tube  has  a lov  length  to  di«aet«r  ratio  ond  the 
vortd.ng  strees  is  low. 

If  the  energy  ie  absorbri  \'lth  a ocoatant  deeelaratioa  tbs  load 
will  be  oooetaat  end  tha  energy  owre  is  a rectangle*  The  total  energy 
ir  foroe  tlatea  dlstaDoe  I P8*  Zn  tanas  of  nass  sol  load  factor  it  is 


fO«**  40^0 
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Vq  g 8 : VaS*  Id  tRiru  of  velocity  aod  nue  it  1«  l/HV^  . then 
8 2 

wn8  : 1/2  wv2 
28 


Ttve  <ll*taiu:e  requixel  to  stop  a given  maas  Is  directly  proportiooal 
to  tbs  velocity  sqaarod  bdcI  lever. ly  proportloijsl  to  tba  load  factor. 

Tbs  stopping  dlstaoce  sboulc  *>0  aa  short  as  poselble  to  attain  maxinua 
efficiency  of  the  obock  absorption  structure  and  einpllclty  of  the  aechanlcal 
arrangcaent.  The  Oynacoro  unit  provides  a rcBnooably  coustant  load  over 
the  full  length  of  stroke.  Hovcver,  considerable  lagemilty  may  be  req'iircd 
to  provide  a structure  that  will  keep  tliln  nenber  In  coreprcssloa  threugh- 
out  Its  full  stroke. 

The  slnplest  application  would  probably  be  that  of  a safety  bucipcr 
On  an  elovutor.  The  elevator  cage  vould  be  guided  by  its  guide  tracko 
so  tbs  load  on  the  bvsnper  could  not  be  anytlilng  out  axial. 

There  are  certain  appllcetlons  where  it  can  syppleoent  or  sx^lant 
a hydraulic  cylinder.  Cue  example  be  Is  es  aircrnTt  lazdlSo  5«5ir 

wi.tb  side  and  drag  braces  to  allcw  rotational  laoveReot  to  match  the  con* 
tractioa  of  the  energy  absorber.  A spring  or  short  stroke  bydreulie  unit 
eta  be  used  for  tbs  smsill  shocks  vith  the  Dynaeorb  unit  for  safety. 

See  riffursa  10  1 11 o 

it  ooa  be  «4sed  as  three  or  sore  fixed  legs  os  a best  or  pallet  for 
dropped  cargo.  Xa  this  case  each  leg  would  have  Individual  feet  and  the 
tube  would  tt^sr  in  thickness  tc'  pr<'vlde  a steadily  increasing  load. 

Tbs  legs  would  b«  short  to  prevent  cnrsrtumicg. 


ro»M  4C10 


V \i  y 
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. J.  .•  ^ ■!*  •!  % 'V*  .' 


LOCKHEED  • CALIFORNIA  COMPANY 

A DIVISION  OF  LOCKHlC-  AIRCAAFT  CORPORATION 

REVISIONS  RtRORT  NO.  ^TgOl 

PAOC  NO l£. 


A iwood  wtbr  for  o box  or  poUet  voulA  hov*  four  pin  eodcA 
OyoPNorb  l»e^,  Roob  with  two  broeeR  for  dr«e  or  Rida  loa£  to  fora  b 
tripod  with  • akld  or  pod  nt  tb«  ap«x.  Ube  two  braceo  would  rotate  about 
a binge  liaa  <u  tba  eoargy  nenber  abortened*  Sea  Plgurea  1?  and  13> 

A tblrl  aet-*''^.  of  landing  a box  or  pallet  would  use  a rigid  frace 
for  gtvnad  contact  with  tovr  Dynaaorb  uoita  aa  lege  connectine  the 
four  earners  of  the  fraaie  to  the  fcur  coroere  of  the  box»  Diagonal 
tenaioo  trires  or  rods  would  take  oare  of  the  cldc  or  drag  load  with  pluetlc 
stretch  to  account  for  the  change  in  length  caused  by  the  shortening  of 
the  energy  absorber,  tioe  Figure  lU. 

There  are  many  possible  uses  end  aetbods  of  adopting  tba  Dynaaorb 


^.spe.  - - - 


tost  must  be  known  before  detailed  design  can  be  stai'ted. 


If  tlM  Inpaot  eockiitioos  end  the  partloular  soofigoratloo  gecnetry  are 
known  the  design  of  the  ener^  vsiit  can  proceed.  The  fallowing  items 
must  be  deteroioedi 
1.  Tube 

s.  Length 

b.  Dimaeter 

c.  Material 


d.  Thickness 

2.  Splitter  Ring  (Raft  Fig.  U) 
s.  Material 

b.  Guide  Diameter  (Dq) 

c.  Guide  Length  (l^) 
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d.  Outdo  TbleknoRO  (tg) 

o*  Loosth  of  ficpooatoa  Cone  (^) 

f.  Diaaoter  of  Svollod  Portloo  of  Ring  (Dg) 

ThioKnaa*  of  SvoUed  Portloo  (t^) 
h.  LpOOgth  of  SveTAad  Portion  (U,) 

1.  Cora  Badtua  or  Baae  Aogle  (r^) 
it  Baaa  Thlotmcaa  (R^,) 
k.  Baaa  DlaaMtar  (D^) 

3.  Cootrol  Ring 

a.  Material 

b.  Area  of  Cut  Through  Ooe  Side 

c . Overall  Length 

d.  Olaaetar 

e.  Thiokneaa 

ft  Bottco  RAdlua 

The  tube  leagth  nuat  allow  for  flttloga  and  leave  a aarcla 

for  extra  travel*  The  tube  disneter  to  deteralDed  fron  Equatlca  (2)^ 
page  6,  Where  R la  the  aeaa  radlue.  Thia  la  a atolovaa  IlMaatirr  for 
colvsm  otabUlty,  It  cao  be  larger  bi  t -n-.t  not  be  onaller. 

The  tube  caterial  is  choeeo  arbitrarily*  The  Dyeaeorb  unit  re* 
preeaats  only  a aaall  poitlca  of  the  total  vet^  of  tlx  eaexgy 
abaorpUoa  ayatw*  If  the  load  la  low  It  saQr  oolj  be  poaalble  with 
■agnealxaii  Seat  treated  etsel  will  ueually  work  tsst* 

The  alnlro  tube  thlckoeta  la  slatentlned  froa  EijuatioD  (3)  or  (4) 
P*«a6.  It  esB  be  greater  but  aerer  leas  than  (3)* 
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Tba  ring  la  dialgn^  aTt^r  tha  tub«  alia  is  icnown.  If  tha 

load  la  talgb  tha  aatanal  atetiU  ba  boat  traatabla  atael.  Tool  ataala 
ara  boat  foa*  thla  jiurpoaa.  If  tha  load  la  low  any  aatarlal  caa  ba 
uaad.  Conalderabla  waar  can  result  If  tba  aatarlal  la  aoft.  A sard  aur> 
face  la  daairaahlcf  aaklng  gaVUng  lass  likely* 

Yba  guide  laogt-b  la  arbitrary.  It  i>uould  ba  not  less  than  O/U  except 
In  those  caaaa  whara  low  load,  abort  colum  leagtb,  aod  a free  pin 
eod  la  desired.  In  thase  cases  It  should  ba  well  rouided  on  the  end  to 
prevent  gou^og  tba  tube  wall.  This  guide  does  react  soaa  noneot  In  the 
tuba  but  the  anourt  le  difficult  to  determine. 

The  guide  dlsneter  should  be  slighUd'  naaller  than  the  Inside  of 
the  tube.  It  should  slip  easily  Into  the  tube  without  slop.  A good 
O'xiber  Is  the  Inside  tube  dlsneter  less  .002"  for  each  Inch  of  tube 
diameter. 

Tba  guide  thickness  Is  also  arbitrary  but  should  ba  at  leaat  crjual 
to  tba  tube  thickness.  It  oould  be  csdculatad  if  the  sagnltuda  of  tha 
reaxatlog  nomeot  could  be  determload. 

The  length  of  the  expanalot.  etna  will  depend  \9on  tba  alopa  and 
the  tuba  liMatar.  The  slupa  angle  abould  not  be  more  than  to  be  sure 
the  slope  is  less  tbsm  tbs  coefficient  of  frlctioa.  Tba  length  la 
detamlAsd  byt  tMa  angle,  tha  outside  dlMctar  of  the  guide,  and  the 
required  expanaioo  as  detamlard  by  Squatloci  (iB),  page  Id. 

Tba  diameter  of  tba  availed  portion  la  determined  by  Equation  (l6) 
page  11  . Tbls  can  be  varlad  soma  If  tba  daslgaer  understanda  the  reason 


for  ezpazkllng  tha  tube  and  oootrol  ring. 

Tba  thdokneas  of  tba  swallad  portion  la  drteradnad  by  equation  (21) 
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12*  Xt  CRO  b«  groter  taut  tbould  Dot  b«  leca*  This  portico  of 
tka  splitter  rlag  la  subjected  to  o very  high  cca%iresBlve  stress  fron 
the  s^^ueealng  ectloa  of  tbs  tube  sod  cootrol  ring.  This  cot^esslve 
stress  esB  be  eelculated  epproilMtely  with  Squatloo  (20),  ps^R 

The  leo^th  of  the  swelled  portion  Is  arbitrary.  Xt  oust  provide 


a good  beerlDg  surface  for  the  ecntrol  rlag  pressure.  1/  It  Is  too 
short  the  ring  will  chatter.  It  nbould  have  a alnlsua  leagth  of  h/k  for 
high  load  catdltioas  but  eaa  be  less  if  the  load  is  relatively  light. 
Greater  length  will  give  a saioother  operstlcn. 

The  cove  radius  or  basu  eagle  are  sdao  rather  arblti-ary.  The  cove 
I radius  caiaot  be  less  tja  3t.  The  Incluled  ongle  between  the  sti  sight 

j side  and  cguIcbI  base  CAnaot  b»  less  thsr  10?°,  Tbeee  cc'oiltlc«£  give 

I tbe  tightest  possible  bend  radius  and  the  blghebt  energy  shsorptloo 

through  Mterlal  defogmatico.  A larcer  rMlus  or  larger  Inclined  angle 
worka  aaoother  but  tbe  frlctlco  portlao  of  etxergy  sbsorptlcD  Is  blgoer. 
j A gpiA  valita  to  use  le  6t  for  the  c?ve  redlus  or  135°  for  the  inry»ir»1 
I BOgle  if  a conical  base  la  used. 

I 

I The  baae  thlekaess  caa  dejpend  Many  things.  Xt  nay  be  a part  of 

^ A fitting  nfvl  Ammi  tct^l  lOCd.  Tho  thlohOO'*  vlH  ” " 


I 


nlnt^M  If  the  baae  rests  on  or  strikes  s flat  plate.  In  soy  case  It 
sh/Mld  be  designed  by  tbe  total  erpectad  axial  1o«m1  on  tbe  tube. 

The  base  dtaanter  at  the  sp  r ring  aust  be  lerge  enonigb  tc 
poaltlTaly  split  tbs  tube.  The  alnlaun  outside  I'lssieter  smat  be  (ise)D. 
Where  e Is  the  maxi  aim  ratio  of  tbs  Initial  tube  dlueter  ”D"  to  Its 
possible  plastic  stretch.  A good  value  In  cost  cases  is  1.3D. 

The  ccat>-ol  ring  Msterlal  Is  obosea  by  the  work  it  has  to  do.  It 

90ttU  *070  ~ ~ " 
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cm  be  of  any  asterlcj.  but  eboiuld  bava  e oourtaot  yleI4  atreosth  over 
3 or  of  plMtlo  atretcti*  %3bo  ateel  la  a gDoA  ■aterlal  for  tbla 
po»a. 

na  cootrol  ring  area  la  deterotned  by  E^uatloa  (23)*  paea  Xb. 

Tbla  ring  la  a tanaloc  baod  aod  Ag  la  a croaa  aactlonal  area  of  a cut 
ttsrougb  oQc  aide  of  the  ring* 

Tba  OAreradX  leogtb  of  tba  riog  lo  detaradoed  by  the  bottoa  radius 
and  t*ta  length  of  tha  atraigbt  portloa.  Tba  length  of  the  atralght 
portion  nviat  be  equal  to  or  leaa  than  the  length  of  the  avellad  portion 
of  tba  aplitter  ring.  In  any  oaae  it  ahould  not  be  less  than  D/b  to 
BTOld  poa Bible  chatter. 

Twai  be  csii  .'«•  cot-o  t-b© 

tribe  by  band.  It  Buat  not  be  cc  Isrgu  that  the  notclvsd  tube  will  epllt 
before  tbe  ring  etarta  picking  up  tba  expenalon  load.  A tl^it  fit  Ir. 
better  than  a looae  one. 

Tbe  control  ring  thlckaeaa  la  calculated  frea  tba  area  and  length 
prevlouBly  detemlsad.  Tbe  botUm  radlua  la  not  nore  than  one  "t”  leaa 
than  tbe  core  radlua. 

r’ojAji’Ka  wCi53S:*£<'rA^ncn3 

The  DynMorb  mlt  la  a conatant  lu»l  derlca  under  nornad  caadltlooB* 
but  eon  be  awda  to  give  a coostaotly  locretLalng  leal  by  tapering  tbe 
t-'be. 

Although  dealrn  proceduraa  are  adralghtforvnrd,  ene  teatlng  is  needed. 
Tha  deaign  ahould  also  allow  for  sow  additional  tranrel  by  »AirTng  xbc 
tube  a little  longer  than  required. 

Pron  tha  teata  reported  In  Raferanca  U allowanca  criet  be  anda  for 
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« poMible  djTBMlo  •hook  w*v«  loauoed  In  tbo  tub«  trcm  bLgh  speed 
InpMt*  Moss  ssperlaotaX  work  Is  nssdsd  in  tUs  axes, 

ns  lUostrstioos  sham  In  ncurss  10  throqth  18  srs  e\ig£cstsd 

ipprosohes  to  s few  spselflo  appUostloos* 

Xn  cooaluslon  It  is  acsin  pola'«^  oit  tbat  thars  la  a used  for 
fnrtbsr  tasting  to  sstahUah  aors  oov>lata  daslgn  data.  This  inoludsa 
larsstlgstlaaa  of  tbs  foLLcwing  vssrlatJaaas 

1.  Materials  (tjrpss  sod  tsjpsra). 

2.  Tubs  dlnnislaBa  (alts  sffset^  and  variations  In  ratio  of  disaster) 
to  vail  tbicknsst). 

3.  Effsot  of  r^te  of  looMns  (eEX^eclall^  at  velocities  in  thc 
rsag#  of  20  to  60  ft/sso). 

Tbs  Ziynos'vrb  cccflguiatlcu  tuts  irji^.uKons  sv:fXlclcnt  t-:^9tiTlS  to 
establisb  Its  chartctsTlstles  ;v*oericir  <&anTZi'  slsorpticu  ocpeblllties. 
Eoversr,  opsclflt  applioatlona  yIU  re<;iars  devslopsest  tostleg  to  sosu 
sxtsnt,  dspoBllng  co  Uis  eos^laxlt/  cef  tbs  2T.stallstiOQ  sod  tbo  overall 
stiock  absorptiaa  req\’lrcnents.  Tbs  additlcesl  test  data  should  bs 
ootaload^  therefore,  to  iseks  tbs  DysAsorb  principle  nors  readily  useable 
to  tha  dsslgasr  and  to  mtalisirs  toe  required  davalosaent  effort  for 
specific  ipplieatloos. 

In  addittoB  to  the  oaed  fex  obt&inlo’^  acre  ronplste  data  on  tba 
standard  Dyaasorb  ronflg-jratioo,  tlm'e  is  also  s need  for  davelopisg 
Ml  sfficicot  shock  shsorptloo  netbod  la  tba  very  low  loud  ranee.  Tube 
dimeter  sad  wall  tbickaase  liaitationa  preolude  tha  oaa  of  tuhlag 
■ster5al  for  very  lev  load  req^uireaenta . By  uslas  a ocluea  fsbrloatod 
of  stabilixad  wire  fa  placa  of  tubiiiC,  a lov  lo^  Dyiaaorb  saexgy 


VC  •' 


^'si 
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•bsorptioa  »it  !■  bcHcrad  roMMbla.  OvralopMSt  of  tte  vlre  «t»M1f  fd 
•€«fl«wctlaa  la  r«oaMPd*l  aa  ao  additional  at«p  towd  nalriBg  tlia 
Djnuaorb  unit  a naaaa  of  abaorbing  aaebagilcal  eaurgy  ormr  ttia  eovlata 
rang*  of  praotlool  Load  ra^pdraoMata. 

STKBCgjB 

A Tuba  area^  la? 

Ao  Croaa  aeetlcnal  area,  ona  alda  of  ocntrol  ring,  ln> 

C Conataot 

X)  TiAa  outslda  dlanetar,  la* 

Db  Baaa  dlaiaavar,  la. 

Do  Oulda  dleasetar,  la. 

Dq  Dlssater  sf  svsXls£  parties  of  cplltW,  lu. 

a EXcosatlon  ratio 

B Modulua  cf  alA^rticlty,  pal 

f Coefficient  of  ftd.ctlon 

fg  Splitter  V U atraaa,  pal 

Fg  Alloa-able  coaipraaalra  atraaa  la  tuba,  pal 

Fgj  CoBvraaalTa  yield  atraogth  of  tube,  paJ 

7^0  71«1m  avrengta,  ocntrol  rlrg  la  bo^  taoeloo,  pal 

Fyt  Tleld  atrenctb,  tu:i  j la  hocp  tenalon,  pel 

g Aoceleratloo  of  gravity,  ft/eao? 

Bb  Baaa  daptia,  in. 

Kg  Cana  depth,  la. 

Bg  Oulda  depth,  la. 

Ba  Ovallad  aeotion  depth,  la. 

Tuba  buskllxtg  oonatast,  .31  to  .l»5 
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In 


SWSJL8  (Coat.) 


Tube  plMtio  deforaotloc  contiaa^  pot 
Tube  len^h  e«  • caXuB^  is. 

Load  Ctctar 
Load^  Iba. 

Redial  load  la  control  rlng^  Ibs/la. 
Radial  load  la  splitter  rioe,  Ibe/ln. 
Radiol  load  la  txibe^  Ibo/la. 

Tube  Deaa  radius^  In. 

Cove  radius 
Dletance,  ft. 

Tube  vail  thlckseds^  In. 

Guide  tbleknecs^  In. 

Splitter  veil  tUicknesa,  In. 

Velocity,  ft/aec. 

Weight,  Iba. 

Weight  of  vospeclfled  tube,  lbs. 
Unspecified  Dxober 

Matjvrl  el  df»n«lf-v.  THe/li.3 
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AltBimB  202^3 

BnMM 

Co];!p«r 

MaeoMlxa  AZ-3it 
NUA  OtMl  1013 
%I30  8t««l  B.T*  120,000 

i»i3o  et«9i  E.T.  160,000 

BI30  StMl  B.T.  200,000 


25,000 


Stclnloaa  St««l  Typ*  30E  25,000 


Tltaalva  (Pur«) 
TlUDlm  6AL  kr 


TitmoXm  B-120  VCA 


25,000 

15,000 


rc(Mla) 


k, 50C 

l, 320 
7,000 

12,000 

13.000 
13,000 

12.000 
18,000 

6,500 


150.000 
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TUBE 


CONTROL  RINO 


SPLITTER  RINO 


Fio.  I.  - OYNASORB  ENERGY  UNIT 
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no.  10  - LANDING  GEAR  APPLICATION 
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FIO.  II. 


DYNASORB  UNIT  WITH  LOW  LOAD  SPRING 


fiO.  18  - PARACHUTE  DROPPED  PACKAGE  WITH  SKIDS 
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FIO.  iS. -CORNER  SHOCK  ABSORBER  FOR 


PARACHUTE  DROPPED  PACKAGE 


tOCKMlIO 

A Ot  VltlON  OF 

REVISIONS  
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CARGO  CONTAINER 


y^OVWASORB 
/ UNIT 


‘OriAO  WlRCt 
(ELASTIC  STRETCH) 


RIGID  PRAME 


PIG.  14.-  LOW  LOAD  FACTOR  PARACHUTE 
DROPPED  CARGO  PACKAGE 
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no.  i«.-  RIGID  DUMPER  INSTALLATION  FOR  HIGH  LOAD  FACTOR 


FIO.  17.  > BUMPER  INSTALLATION  LOW  LOAD  PLUS  HIGH  LOAD 


I 


